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In The Claims : 

Please cancel claims 1-10 without prejudice. 

Please add the following new claims 11*22: 

11. An electrode assembly for sensing and ablating body tissue, comprising: 
an expandable and collapsible structure having an electrode formed thereon, the 

electrode configured to sense electrical events in the body tissue and ablate the body tissue. 

12. An electrode assembly according to claim 11, wherein the electrode comprises a 
conductive material substantially covering an exterior surface of the structure. 

13. An electrode assembly according to claim 12, wherein the conductive material 
is applied to the exterior surface of the structure by ion beam assisted deposition, 

14. An electrode assembly according to claim 11, wherein the structure includes an 
exterior surface having formed thereon a number of spaced apart conductive zones that act as 
individual electrodes. 

15. An electrode assembly according to claim 14, wherein the spaced apart 
conductive zones comprise a conductive material applied by ion beam aided deposition. 

16. An electrode assembly for sensing and ablating body tissue, comprising: 
an expandable and collapsible body having an outer surface with an electrically 

conductive material that occupies substantially all of the outer surface so that the body acts as 
an individual sensing and ablating electrode. 
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17. An electrode assembly according to claim 16, wherein the electrically 
conductive material is applied by ion beam assisted deposition. 

18. An electrode assembly for sensing and ablating body tissue, comprising: 

an expandable and collapsible body having an outer surface with a number of spaced 
apart conductive zones configured to sense electrical events in the body tissue and ablate the 
body tissue. 

19. An electrode assembly according to claim 18, wherein the spaced apart 
conductive zones comprise a conductive material applied by ion beam assisted deposition, 

20. An electrode assembly for sensing body tissue, comprising: 

an expandable and collapsible body, the body having an exposed outer surface, the 
outer surface substantially covered with an electrically conductive coating, whereby the body 
acts as an individual sensing electrode. 

21. An electrode assembly according to claim 20, wherein the electrically 
conductive coating is applied using ion beam assisted deposition. 

22. A method for constructing an electrode assembly, the electrode assembly 
configured to transmit electrical energy to body tissue, comprising: 

providing an expandable and collapsible structure, and 

applying an electrically conductive coating to the structure using ion beam aided 
deposition. 
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REMARKS 

Applicants respectfully request that the foregoing amendment be entered before 
examination of the above-captioned application. Original claims 1-10 have been canceled, and 
new claims 11-22 added, to set forth further subject matter which Applicants regard as the 
invention. 

Respectfully submitted, 
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CARDIAC HAPPING AND ABLATION 

SYSTEMS 

Field of the Invention 

The invention relates to percutaneous leads 
and related systems and methods for mapping the inte- 
rior regions of the heart for diagnosis of cardiac 
conditions* 

Background of the Invention 

Cardiac mapping is used to locate aberrant 
electrical pathways and currents emanating within the 
heart. The aberrant pathways cause the contractions 
of the heart muscle to take on peculiar and life 
threatening patterns or dysrhythmias. 

Intracardiac mapping requires the careful 
positioning of an array of multiple electrodes within 
the heart. Various structures for these multiple 
electrode mapping arrays have been developed or pro- 
posed. 

For example, Hess U.S. Patents 4,573, 4 73 -and 
4,690,148 andDesai U.S. Patent 4,940,064 show the use 
of generally planar mapping arrays. Chilson U.S. 
Patent 4,699,147 shows the use of a three dimensional 
basket mapping array. Gelinas U.S. Patent 4,522,212 
shows a spring apart array of electrode supporting fingers. 



Regardless of the type of mapping array 
used, the physician is called upon to remotely move 
and manipulate the array within the heart in various 
ways. First, the physician must maneuver the array 
through a main vein or artery into a selected heart 
chamber. Then, the physician must locate the array at 
the desired endocardial location. Then, the physician 
must further move the array at the desire location to 
assure that all aberrant electrical pathways, if pres- 
ent, are located. 

The development of prior mapping arrays has 
focused upon the requirements of mapping function it- 
self. The prior development has overlooked the impor- 
tant need to continuously and variously move and ma- 
nipulate the mapping array before, during, and after 
the mapping function. 
summary of the Invention 

An important aspect of the invention relates 
to providing a novel and improved construction for 
electrode carrying splines for improved cardiac map- 
ping and ablation devices. 

Briefly summarized the present invention 
provides an electrode assembly for use in interven- 
tricular cardiac mapping and probes formed thereby. 
The assemblies of the present invention involve the 
use of one or more elongated splines each of which 
carries a plurality of spaced apart electrodes there- 
on • Each spline has a means for attaching its proxi- 
mal end to a supporting means, preferably the distal 
end of a flexible hollow tube located within the cath- 
eter. Each spline can further be provided with means 
to attach the distal end thereof to an end cap to form 
a mapping array or basket. 

The body of each spline is formed of a plu- 
rality of alternating electrically conductive layers 



and the electrically non-conductive layers. A sepa- 
rate electrically conductive pathway is provided to 
connect each of the electrodes to a different one of 
the conductive layers. Each of the layers is electri- 
cally connected to an electrical signal processing 
device so that signals provided by each of the elec- 
trodes can be processed. 

In ' accordance with one embodiment of the 
invention, the spline can be of a circular cross-sec- 
tion with each of the alternating conductive and non- 
conductive layers being in the form of concentric 
rings and each of the electrodes is in the form of a 
ring encircling the outer surface of the spline. 

In accordance with a further embodiment of 
the invention, the electrode can be of an anisotropic 
rectangular cross-sectioned configuration. An array or 
basket formed of such splines provides a stable con- 
figuration resistant to twisting and thus insures ac- 
curacy and reliability of the cardiac mapping proce- 
dure. 

Brief Description of the Drawings 

Fig. 1 is a perspective view of an en- 
docardial mapping system that embodies the features of 
the invention; 

Fig. 2 is a top view of the probe associated 
with the system shown in Fig. 1, showing the operation 
of the steering mechanism; 

Figs. 3 and 4 are side elevation views of 
the probe associated with the system shown in Fig. 1, 
showing the operation of the deployment mechanism for 
the mapping array; 

Figs. 5 to 7 are side elevation views of the 
probe associated with the system shown in Fig. 1, 
showing the operation of the mechanism for opening and 
shaping the mapping array; 



Fig. 8 is a side elevation view of the probe 
associated with the system shown in Fig. 1, showing 
the operation of the mechanism for rotating the map- 
ping array? 

Fig. 9 is an exploded side elevation view of 
the probe associated with the system shown in Fig. 1; 

Fig, 10 is an enlarged side section view of 
the interior of the probe body shown in Fig. 9, when 
assembled , where the proximal end of the catheter 
joins the main probe body; 

Fig. 11 is an enlarged side section view of 
the interior of the tip of the probe handle shown in 
Fig. 9, when assembled; 

Fig. 12 is an enlarged side sectional view, 
with portions broken away, of the mapping basket asso- 
ciated with the system shown in Fig. 1; 

Fig. 13 is an enlarged perspective view, 
with portions broken away, of a cylindrical electrode 
support spline that the mapping basket shown in Fig. 
12 can use; 

Fig. 14 is a greatly enlarged sectional view 
of the cylindrical electrode support spline taken gen- 
erally along line 14-14 in Fig. 13; 

Fig. 15 is an enlarged perspective view of 
a rectilinear spline that the mapping basket shown in 
Fig. 12 can use; 

Fig. 16 is a perspective view of the recti- 
linear spline shown in Fig. 15 before attachment of 
the electrodes; 

Fig. 17 is an enlarged perspective view of 
an alternative embodiment of a rectilinear spline that 
the mapping basket shown in Fig. 12 can use; 

Fig. 18 is an exploded perspective view of 
the rectilinear spline shown in Fig. 15, showing its 
multiple conductive and nonconductive layers; 



Fig. 19 is a schematic exploded side view of 
the multiple conductive and nonconductive layers of 
the rectilinear spline shown in Fig. 18; 

Fig. 20 is an enlarged perspective view, 
largely schematic, of the solid state circuit tube and 
one of eight microconnector chips associated with the 
mapping assembly shown in Fig, 1; 

Fig. 21 is top view of the electrical at- 
tachment between microconnector chips and the solid 
state circuit tube shown in Fig. 20; 

Fig. 22 is an enlarged perspective view, 
largely schematic, of an alternative embodiment for 
the solid state circuit tube and the microconnector 
chips associated with the mapping assembly shown in 
Fig. 1; 

Fig. 23 is a schematic view of a power sup- 
ply and signal control circuit for the microconnector 
shown in Figs. 20 and 21; 

Fig. 24 is a schematic view of an alterna- 
tive power supply and signal control circuit for the 
microconnector shown in Fig. 22; 

Fig. 25 is a top view of the interior of the 
steering mechanism associated with the probe shown in 
Fig. 1: 

Fig. 26 is a view of the distal end of an 
alternative catheter having a mapping assembly that is 
located using a guide wire, instead of a steering 
mechanism; 

Fig. 27 is an enlarged view of the end cap 
of the^mapping assembly shown in Fig. 26; 

Figs. 28 and 29 are side section views of an 
alternative deployable mapping assembly using an in- 
flatable bag; 

Figs. 3 OA and B are side section views of an 
alternative deployable mapping assembly using a flexi- 



ble sail-like body; 

Figs. 31A/B/C are side section views of an 
alternative deploy able mapping assembly using a 
central spline with random electrode support 
filaments; 

Figs. 32A and B are side section views of an 
alternative deployable mapping assembly using a foam 
body ; 

Fig. 33 is a side section view of the base 
member of a dynamic mapping assembly that embodies the 
features of the invention shown in a contracted condi- 
tion; 

Fig. 3 4 is a side section view of the 
dynamic mapping assembly associated with the base mem- 
ber shown in Fig. 3 3 in a contacted condition; 

Fig. 35 is a side section view of the base 
member of a dynamic mapping assembly that embodies the 
features of the invention shown in an expanded condi- 
tion; and 

Fig. 36 is a side section view of the 
dynamic mapping assembly associated with the base mem- 
ber shown in Fig. 35 in an expanded condition. 
Description of the Preferred Embodiments 

Fig. 1 shows an endocardial mapping system 
10 that embodies the features of the invention. The 
system 10 includes a hand-held probe 12 and an associ- 
ated controller 14. 

The probe 12 has a handle 16 and an attached 
flexible catheter 18. The catheter 18 slidably car- 
ries within an interior lumen a mapping assembly 20 
that is extendable out of the distal end of the cathe- 
ter. 

The mapping assembly 20 establishes a three 
dimensional array of electrodes 22. In use, the map- 
ping assembly 20 records the activation times, the 



distribution/ and the waveforms of the electrical 
charges or potentials that trigger the pumping action 
of the heart muscle. 

Leads 24 pass through the lumen of the cath- 
eter and connect the mapping assembly 20 to the con- 
troller 14. The controller 14 receives and processes 
the potentials recorded by the electrodes 22 on the 
mapping assembly 20. An attached CRT 26 visually 
presents the processed data for viewing by the attend- 
ing physician. The controller 14 also has a printer 
2 8 for presenting the processed data in strip chart 
form. 

The physician positions the mapping assembly 

2 0 by maneuvering the catheter 18 through a main vein 
or artery (which is typically the femoral artery) into 
a selected heart chamber. During this time, the map- 
ping assembly 20 is carried in a compact, folded away 
position within distal end of the catheter 18 (as Fig. 

3 shows) . The physician can observe the progress of 
the distal catheter end using fluoroscopic or 
ultrasound imaging, or the like. 

When the physician places the distal end of 
the catheter 18 in the desired endocardial location, 
he/she manipulates the control mechanisms of probe 12 
to deploy and open the mapping assembly 20 into the 
desired three dimensional array 22 (as Fig. 1 shows) . 

The controller 14 analyses the signals 
received from the electrodes 22 to locate abnormal 
foci in the tissue that disrupt the normal heart 
rhythm and can cause cardiac arrhythmia. Once 
located, the physician can remove or destroy the ab- 
normal foci by ablation to restore a normal heart 
rhythm. A separate RF or microwave ablation probe 
(not shown) can be used for this purpose. Alter- 
natively, the mapping array 22 can itself include one 



or more ablating electrodes. 

According to one aspect of the invention, 
the probe 12 includes four independent control 
mechanisms for the physician to manipulate in carrying 
out the multiple steps of the mapping procedure just 
generally outlined. The control mechanism are cen- 
trally located on the handle 16 to simplify error free 
manipulation of the catheter 18 and associated mapping 
assembly 20. 

The first control mechanism 30 deflects the 
distal end of the catheter 18 (as Fig. 2 shows) . This 
allows the physician to remotely point and steer the 
distal end of the catheter 18 within the body. 

When the mapping assembly 2 0 is deployed, 
the first mechanism 30 can also be used to point and 
steer the mapping assembly 20 itself. This allows the 
physician to remotely maneuver the mapping assembly 20 
into position against endocardial tissue. 

The second mechanism 32 controls the 
deployment of the mapping assembly 20. The second 
mechanism 3 2 controls deployment of the mapping assem- 
bly 2 0 from a retracted position within the distal end 
of the catheter 18 (shown in Fig. 3) to an operating 
position outside the catheter 18 (shown in Fig. 4) . 

When retracted, the mapping assembly 20 oc- 
cupies a low profile position that does not hinder the 
maneuvering within the body. When deployed in the 
operating position, the mapping assembly 20 can be 
opened to carry out its signal mapping function. 

The* third mechanism 34 opens the mapping as- 
sembly 20, when deployed. The third mechanism 34 
moves the mapping assembly 20 between its completed 
closed, folded position (shown in Fig. 4) and an 
completely opened, unfolded position (shown in Fig. 
5). 



In the illustrated and preferred embodiment, 
the third mechanism 3 4 also controls the three dimen- 
sional shape of the mapping assembly 20. In this ar- 
rangement , the physician can remotely shape the map- 
ping assembly 20 by manipulating the third mechanism 
34. 

In the illustrated embodiment, the third 
mechanism 34 progressively changes shape of the map- 
ping assembly 20 from an elongated ellipse (as Fig. 7 
shows) , to an intermediate sphere (as Fig. 5 shows) , 
to a toroid (as Fig. 6 shows) . Using the third 
mechanism 3 4 for this purpose, the physician can alter 
the shape of the mapping assembly 20 to more closely 
match the particular endocardial profile to be record- 
ed. 

The fourth mechanism 36 controls the 
rotational position of the mapping assembly 20 inde- 
pendent of the rotational position of the catheter 18 
(as Fig. 8 shows) . In other words, the fourth 
mechanism 36 rotates the mapping assembly 20 without 
rotating the catheter 18 . 

Using the fourth mechanism 36, the physician 
can rotate the mapping assembly 20 within the heart, 
without otherwise rotating the catheter 18 within the 
access vein or artery. 

The structural features of the catheter, the 
mapping assembly 20, and the associated control mecha- 
nism 30-36 can vary. These features will now be dis- 
cussed in greater detail, as they appear in the illus- 
trated embodiments. 

1. The Probe Handle 

In the illustrated embodiment (as Figs. 9 to 
11 show) , the probe handle 16 includes a main body 38, 
a base 40, and a tip 42. The handle 16 and its com- 
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ponent parts can be constructed from various durable 
metal or plastic materials. In the illustrated em- 
bodiment, the handle 16 is mostly molded plastic. 

The main body 38 has an interior channel 44 
(see Fig. 10) . A junction tube 46 is secured within 
the interior channel 44. The proximal end of the 
catheter 18 is, in turn, joined by adhesive or the 
like to the front end of the junction tube 46. As Fig. 
10 also shows, the interior channel 44 also includes 
an annular groove 48 near its distal end, where the 
separately molded tip 42 is attached. 

The handle base 40 is a premolded extension 
of the main body 3 8 (see Fig, 9) . The base 40 is gen- 
erally flat and carries a steering member 50. As will 
be described in greater detail later, the steering 
member 50 houses an actuator for the first control 
mechanism 30 to point and steer the distal end of the 
catheter 18. 

The steering member 50 is also movable with- 
in a track 52 fore and aft upon the base 40 (see Figs. 
1 and 2 also) ♦ A telescopic shaft 54 connects the 
steering member 50 to the rear end of the junction 
tube 46. Fore and aft movement of the steering member 
50 within the track 52 expands and collapses the tele- 
scopic shaft 54. 

As will also be described in greater detail, 
later, the fore and aft movement of the steering mem- 
ber 50 actuates the third control mechanism 34 to open 
and (in the preferred embodiment) shape the mapping 
assembly 20. . 

The handle tip 42 extends from the front of 
the main body 38. It includes a proximal flanged end 
56 which seats within the annular groove 48 of the 
main body channel 44 (as Figs. 9 and 10 show). 

The flanged end 56 freely rotates within the 



annular groove 48. This allows the handle tip 42 to 
rotate relative to the main body 38. As will be 
described in greater detail later, the relative 
rotation between the handle tip 42 and main body 38 
forms the basis for the fourth control mechanism 36. 

As Fig. 10 shows, the handle tip 42 includes 
a center bore 58 that is axially aligned with the 
interior channel 44 of the main body 38. A carriage 
60 moves within the center bore 58. As will be 
described in greater detail later, the movable car- 
riage 60 actuates the second control mechanism 32 to 
control deployment the mapping assembly 20. 

2 ♦ The Catheter 

The catheter 18 includes a flexible tube 62 
having an interior bore or lumen 64 (see Fig. 12) . 
The proximal end of the flexible tube 62 extends 
through the center tip bore 58 and into main body 
channel 44, where it is joined to the junction tube 46 
(as Fig. 10 shows) . 

The flexible tube 62 may constructed in 
various ways. For example, it may comprises a length 
of stainless steel coiled into a flexible spring en- 
closing the interior bore 64. 

In the illustrated and preferred embodiment, 
the tube 62 comprises a slotted, stainless steel tube. 
An array of slots 66 subtends the tube along its 
length. The slots 66 subtend less than one circumfer- 
ence of the shaft at an angle of between 270 to 300 
degrees. The slots 66 are also preferably radially 
offset one from the other by about 30 to 120 degrees. 

The slots 66 provide flexibility along the 
length of the tube 62. The pattern and arrangement of 
the slots 66 impart the necessary flexibility and to- 
rque transmission capabilities to tube 62. 



Further details of the slotted tube 62 are 
disclosed in pending Lundquist U.S. Patent Application 
Serial No, 07/657,106 filed February 15, 1991 and en- 
titled "Torquable Catheter and Method." 

The catheter 18 also includes a sheath 68 
enclosing the flexible tube 62. The sheath 68 is made 
from a plastic material, such as a polyolefin, 
polyurethane or polydimethylsiloxane. The sheath 68 
has an inner diameter that is greater than the outer 
diameter of the tube 62. In this way, the sheath 68 
slides along the outside of the tube 62 in response to 
the second control mechanism 32, to selectively en- 
close or expose the appended mapping assembly 20. 

3. The Mapping Assembly 

The mapping assembly 20 may take various 
different forms. In the embodiment illustrated in 
Figs. 1 to 9, the mapping assembly 20 comprises a 
variably shaped basket 70, the details of which are 
best shown in Fig. 12. 

The mapping basket 70 comprises a base mem- 
ber 72 attached to the distal end of the flexible 
catheter tube 62. The mapping basket 70 also % includes 
an end cap 74. Generally flexible electrode supports 
or splines 76 extend in a circumferential ly spaced 
relationship between the base member 72 and the end 
cap 74. The splines 76 carry the spaced sensing elec- 
trodes 22. Electrodes can also be located on end cap 
74. 

The outer diameters of the base member 72 
and end cap 74 are less than the interior diameter of 
the movable sheath 68 (Fig. 12 shows this relationship 
with respect to the base member 72, but the end cap 74 
is shown enlarged to better show the details of its 
construction) . End cap 74 is preferably rounded or 
dome-shaped as shown. In this way, when moved toward 



the disjtal end of the flexible tube 62, the sheath 68 
moves over and captures the mapping basket 70 (in the 
flattened position) and only the dome-shaped end of 
cap 74 is exposed. When moved the opposite way, the 
sheath 68 exposes the mapping basket 70 for use. In 
addition to electrodes located on splines 76A, one or 
more electrodes can also be located on end cap 74 to 
provide for additional signal measuring capability. 

Still referring to Fig. 12, the mapping bas- 
ket 70 further includes a generally stiff control wire 
78. The distal end of the control wire 78 is attached 
to the end cap 74. From there, the control wire ex- 
tends through the base member 72 and the bore 64 of 
the tube 62 for attachment to the third control mech- 
anism 34, as will be described later. 

Axial movement of the control wire 78 in 
response to actuation of the third control mechanism 
34 moves the end cap 74 either toward or away from the 
base member 72. This flexes the splines 76 to vary 
the shape of the basket 70. 

The splines 76 of the mapping basket 70 
shown in Fig. 12 can assume various cross sectional 
shapes. The details of representative constructions 
will be discussed next. 

A. The Basket Splines 

(i) Cylindrical Splines 
Figs. 13 and 14 show a spline 76A having a 
cylindrical cross section. The spline 76A carries the 
sensing electrodes 22 axial ly spaced along its length 
(six electrodes 22 are shown for the sake of illustra- 
tion) . The proximal end of the spline 76A includes an 
eyelet 80 for attachment to a pin on the base member 
72. The distal end of the spline carries a hook 82 
for quick connection to circumferentially spaced open- 
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ings 84 on the end cap (as Fig. 12 shows) . Of course, 
other quick connect coupling mechanisms can be used. 

The cylindrical spline 76A can have an open 
interior passage for conducting individual signal 
wires connected to the sensing electrodes 22. 

However, in the embodiment shown in Figs. 13 
and 14, the body of the cylindrical spline 76A is sol- 
id. It comprises multiple individual layers or 
substrates, as Fig. 14 shows . Alternating layers 86 
are coated with an electrically conductive material, 
like platinum. Intermediate layers 88 of nonconduc- 
tive material, like polyimide, separate the conductive 
layers 86. 

The layers 86 and 88 can be applied, for 
example, by ion beam assisted deposition (IBAD) , or 
similar vapor deposition techniques. In the il- 
lustrated embodiment, each layer is about .0005 inch 
to .002 inch thick. 

As Fig. 13 shows, an individual signal wire 
90 is attached to each conductive layer 86. The sig- 
nal wires 90 exit the proximal end of the spline 76A 
and are joined to a microconnector 92, the details of 
which will be described in greater detail later. 

The number of conductive layers 86 equals 
the maximum number of electrodes 22 that the spline 
76A carries. In the illustrated embodiment, each cy- 
lindrical spline 76A carries a maximum of 12 sensing 
electrodes, so there are 12 conductive layers 86 and 
12 signal wires (Fig. 13 shows only a portion of the 
electrodes 22 and the signal wires for the sake of 
illustration) . 

In the illustrated embodiment, each sensing 
electrode 22 comprises a flexible substrate such as a 
silicone rubber body that has been coated by IBAD with 
platinum. Each sensing electrode is slipped into po- 
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sition over the spline 76A and there fastened by adhe- 
sive or the like* Alternatively, the rubber bodies can 
be molded in place over the spline and subsequently 
coated with a conductive layer by I BAD* 

A wire or pin 94 made of electrical conduc- 
tive material (such as platinum) is inserted through 
each electrode 22 and into the body of the spline 76A. 
Each pin 94 is coated with an insulating material, 
except for its head end and its tip end. 

As Fig. 14 shows, the pins 94 have different 
prescribed lengths, so that their tip ends reach dif- 
ferent conductive layers 86. Each pin 94 individually 
conducts the signals received by its associated sen- 
sing electrode 22 to one conductive layer 86. In this 
way, the signals sensed by each electrode 22 is trans- 
mitted by a different conductive layer 86 to the asso- 
ciated signal wire 90. 

(ii) Rectilinear Splines 
Fig. 15 shows an electrode support spline 
76B having a general flat, rectilinear cross section. 

Unlike the cylindrical spline 76A shown in 
Fig. 13, the rectilinear spline 76B has anisotropic 
stiffness. It exhibits the flexibility to deflect or 
bend in one plane along its longitudinal X axis 96 (in 
the direction of the Y axis as shown by arrows in Fig. 
15) . However, it exhibits stiffness to resist flexing 
or twisting about its longitudinal X axis 96 in the 
direction of the Z axis. 

As Fig. 15 shows, each rectilinear spline 
76B carries sensing electrodes 22 axially spaced along 
its longitudinal axis 96. Like the cylindrical spline 
76A, the proximal end of the rectilinear spline 76B 
includes an eyelet 80 for attachment to the basket 
base member 72. The distal end of the spline 76B car- 
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ries a hook 82 for quick connection to the cir- 
cumferentially spaced openings 84 on the basket end 
cap 74 (see Fig. 12) . 

When so connected, the anisotropic stiffness 
of each rectilinear spline 76B resists twisting about 
its longitudinal axis 96, This keeps the basket 70 
torsionally rigid. The adjacent splines 76B are re- 
tained in the- desired circumf erentially spaced rela- 
tionship. 

Still, axial movement of the control wire 78 
will flex each of the rectilinear splines 76B central- 
ly outwardly along their longitudinal axes 96 in the 
direction of their Y axes. This 'will alter the 
circumferential shape of the basket 7 0 (as Figs. 5 to 
7 show) . 

Due to their anisotropic stiffness, adjacent 
splines 7 6B will resist twisting. The assembled bas- 
ket 70 will therefore also resist twisting and will 
retain a desired symmetrical three dimensional shape 
about its longitudinal axis. 

In the embodiment shown in Fig. 15, the 
spline 76B comprises multiple conductive layers 98 
separated by intermediate nonconductive layers 100 (as 
Figs. 18 and 19 best show). The conductive layers 98 
are coated with an electrically conductive material, 
such as platinum. The conductive layers are preferably 
).005 to ).002 inch in thickness. The nonconductive 
layers 100 are made of a nonconductive material, such 
as a polyimide or similar polymeric material. 

As Figs. 18 and 19 show, an electrode wire 
102 is soldered to each conductive layer 98. The in- 
dividual electrode wire 102 for one conductive layer 
98 is axially spaced apart from the electrode wire 102 
for the next conductive layer 98. As Figs. 18 and 19 
also show, the electrode wires 102 from the lower con- 
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ductive layers 98 pass through plated through openings 
102 in successive upper conductive and nonconductive 
layers 98 and 100 to exit the top surface of the 
spline 76B (as Fig, 16 also shows) . There, an elec- 
trode 22 is soldered to each electrode wire 102. 

As Figs 15; 16; 18; and 19 show, the 
proximal ends of the various conductive and nonconduc- 
tive layers 98 and 100 are preferably arranged in 
stepwise fashion. This exposes each conductive layer 
98 to facilitate connection of the signal wires 90 by 
soldering. 

In an alternative arrangement (as Fig. 17) , 
the electrodes 22 are vapor deposited on the surface 
of the rectilinear spline 76C. In this arrangement, 
the surface of the spline 76C also carries a solid 
state printed circuit 104 formed by either ion deposi- 
tion or etching. The circuit 104 conducts signals 
from the individual electrodes 22 to individual signal 
wires 90 attached at the proximal end of the spline 
76C. An eyelet 80 and a hook 82 provide for quick 
attachment of the spline 76C between the basket base 
member 72 and end cap 74, as previously described. 

B. The Microconnector 

The multiple signal wires 90 leading from 
the sensing electrodes can be bundled together and 
passed as individual wires through the bore 64 of the 
flexible guide tube 62 for attachment to the control- 
ler 14. Laser welding can be used to minimize the 
cross sectional area of the electrical connections. 

In the illustrated and preferred embodiment, 
the number of electrically conductive wire leads pas- 
sing through lumen 64 is minimized by using solid 
state microconnector 92 in the base member 72 (see 
Fig. 12). Figs. 20 to 24 show the details of the 



microconnector 92. 

As Fig. 20 shows , the microconnector 92 in- 
cludes one microprocessor chip 106 for each electrode 
support spline 76 in the basket 70. Figs. 20 to 24 
assume an array of 56 sensing electrodes 22 on the 
basket 70. One or more of the sensing electrodes can 
also serve as ablation electrodes, as well. 

In this array, there are eight splines 76, 
with each spline 76 holding seven sensing electrodes 
22. In this arrangement, the microconnector 92 in- 
cludes eight individual chips 106 (as Fig. 21 shows) , 
with seven electrode signal wires 90 attached to each 
chip 106 (as Fig. 20 shows) . 

The chips 106 serve as switches controlled 
by the controller 14. Each chip 106 receives seven 
individual signals, one from each electrode 22 on the 
associated spline 76. Each chip 106 transmits only a 
selected one of the electrode signals at a time to the 
controller 14, subject to the switching signals that 
the controller 14 generates. The switching signals of 
the controller 14 thereby multiplex the electrode sig- 
nals through the microconnector 92. This reduces the 
number of electrical pathways required through lumen 
64. 

As Fig. 20 also shows f each chip 106 
includes an I/O buss 108 comprising a power (+) con- 
tact 110 and a power (-) contact 112. The power con- 
tacts 110 and 112 receive power from a supply 130 
within the controller 14. The I/O buss 108 also in- 
cludes an. input switching (or control) contact 114, 
which receives the switching signals from the signal 
generator 132 within the controller 14 to select the 
input signal wire to be sampled. The control contact 
114 can also receive ablation energy through the sig- 
nal generator 134 from a source 135, to thereby use 
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one or more of the associated sensing electrodes for 
tissue ablation. 

The I/O buss 108 further includes an output 
signal contact 116 for transmitting the selected 
electrode signal to the signal processor 134 within 
the controller 14. Figs. 23 and 24 diagrammatically 
show the components 130; 132; and 134 of the control- 
ler 14. 

The power, control, and output signals of 
each chip 106 are transmitted to and from the buss 108 
along an electrical conduction conduit 118 carried 
within the lumen 64 of tube 62. The electrical con- 
duit 118 can be variously constructed. It can, for 
example, comprise coaxial cable. 

In the illustrated embodiment (see Fig. 21) # 
the conduit 118 comprises a mylar tube. The surface 
of the tube 118 carries a solid state printed circuit 
120 formed by either ion deposition or etching. 

The specific configuration of the circuit 
120 deposited on the tubular conduit 118 can vary. In 
the embodiment shown in Fig. 23, the circuit 120 com- 
prises 32 individual conducting paths that extend in 
a helical array deposited about the axis of the tube. 
As Fig. 20 also shows, the array includes one power 
(+) line 122 and one power (-) line 124 for each chip 
106 (for a total of 16 power (+) and (-) lines) . 
These lines are connected to the power supply 130 
within the controller 14 . 

The array shown in Figs. 20 and 23 also in- 
cludes one input control line 126 and one signal out- 
put line 128 for each chip 106 (for 16 additional 
lines, comprising a total of 32 conducting lines) . 
These lines 126 and 128 are connected, respectively, 
to the signal multiplexing control circuit 132 and to 
the signal processing circuit 134 of the controller 



14. 

As Fig. 20 and 21 show, a stainless steel 
ferrule 13 6 electrically interconnects the lines of 
the circuit 120 with the microconnector 92. The fer- 
rule is located within the distal end of the mylar 
tube 118. The ferrule 13 6 has a prescribed array of 
32 cone points 138. The cone points 138 electrically 
interconnect the appropriate power (+) and (-) lines 
122 and 124, the control input line 126, and the sig- 
nal output line 128 to the associated contacts 
110/112/114/116 of the I/O buss 108 of each chip 106. 

In an alternative arrangement (as Figs. 22 
and 2 4 show) , the circuit 120 carried on the tube 118 
is reduced to 18 lines. This circuit 120 also extends 
in a helical array deposited about the axis of the 
tube 118. This array carries only one power (+) line 
122 and one power (-) line 124, connected to the power 
supply 130. As Fig. 24 shows, the distal ends of the 
power (+) line 122 and the power (-) line 124 encircle 
the distal end of the tube 118 in axially spaced 
loops. 

In the particular arr.ay shown in Fig. 24, 
the loop of the power (+) line 122 is located closer 
to the distal end of the tube 118 than the loop of the 
power (-) line 124 (see Fig. 22, also). 

The array carried by the tube 118 also 
includes one input control line 126 and one signal 
output line 128 for each chip 106, for a total of 16 
additional lines. As before described, these lines 
126 and 128 are connected to the multiplexing and sig- 
nal analyzing circuits 132 and 134 of the controller 
14 (as Fig. 24 shows). As Fig. 22 shows, the lines 
126 and 128 terminate on the distal end of the tube 
118 below the power (+) and power (-) loops 122 and 
124 just described. 



In this arrangement (as Fig. 22 shows) , a 
portion of the I/O buss 108 of each chip 106 is ar- 
ranged circumferentially. The top two contacts 110 
and 112 comprise the power (+) and power (-) contacts, 
respectively. These are commonly connected by cone 
points 138 on the ferrule 136 to the power (+) and 
power (-) loops 122 and 124, as Fig. 22 shows. 

The* bottom two contacts 114 and 116 of the 
I/O buss 108 comprise the control input and signal out 
leads. These contacts 114 and 116 are circum- 
ferentially arranged below the axial power contacts 
110 and 112. The cone points 138 on the ferrule 136 
appropriately connect the control input line 126 and 
the signal output line 128 to these circumferentially 
arranged contacts 114 and 116 of the I/O buss 108, as 
Fig 22 shows. 

4. The Probe Control Mechanisms 

A* The Steering Control Mechanism 

In the illustrated arrangement shown in Fig. 
1, the first probe control mechanism 30 occupies the 
interior of the steering member 50. Fig. 25 shows 
further details of this construction. 

The first mechanism 30 includes a rotating 
cam wheel 140 housed within the steering member 50. 
A lever 142 on the exterior of the steering member 50 
(see Fig. 1) is attached to the interior cam wheel 
140. Movement of the steering lever 142 by the user 
rotates the cam wheel 140. 

As Fig. 25 shows, the cam wheel 140 carries 
a fastener 144 between its right and left side surfac- 
es. Fastener 144 holds the proximal ends of right and 
left probe steering wires 146 and 148, which are sol- 
dered to the interior of the fastener 144. 

The steering wires 146 and 148 extend from 



the opposite ends of the fastener 144 and along the 
associated right and left sides of the cam wheel 140. 
The steering wires 146 and 148 exit the front of the 
steering member 50 through the interior bore of a ten- 
sion screw assembly 150 , passing through the telescop- 
ic shaft 54 and into the junction tube 46, as Fig. 10 
shows ♦ 

The steering wires 146 and 148 extend 
further along within the flexible shaft bore 64. Near 
the distal end of the tube 62, the steering wires 14 6 
and 148 pass outside the bore 64 through exit holes 
(not shown) . As Fig. 12 shows, solder connects the 
end of the left steering wire 14 8 to the left side of 
the distal end of the flexible tube 62. Likewise, 
solder connects the end of the right steering wire 146 
to the right side of the distal end of the flexible 
tube 62. 

Left rotation of the cam wheel 140 pulls the 
left steering wire 148 to bend the distal end of the 
tube 62 to the left. Likewise, right rotation of the 
cam wheel 140 pulls the right steering wire 146 to 
bend the distal end of the tube 62 to the right. 

In this way, the first control mechanism 30 
steers the distal end of the flexible tube 62 and, 
with it, the attached mapping basket 70 (as Fig. 2 
shows) . 

It should be appreciated that, instead of 
using an active onboard mechanism for steering the 
flexible tube 62, a wire can be used to guide and po- 
sition the distal end of the tube 62 in the heart. 
Figs. 26 and 27 show this alternative, over-the-wire 
embodiment, which lacks an onboard steering mechanism. 

In the embodiment shown in Figs. 26 and 27, 
the probe 10A includes an interior guide wire 152. 
The guide wire 152 extends from the handle (not 



shown) , through the bore 64 of the flexible tube 62 , 
passing through a central guide tube 154 in the map- 
ping basket 70. 

In use, the physician first maneuvers the 
guide wire 152 through the main vein or artery into a 
selected heart chamber- Then, the physician passes the 
tube 62 of the probe 10A with the attached mapping 
basket 70 over the guide wire 152 into position. 

In this embodiment (as Fig. 26 shows) , the 
probe 10A still preferably includes a slidable sheath 
68 for temporarily enclosing the mapping basket 70 
while being guided over the wire 152 into position (as 
Figs. 3 and 4 show). 

As Fig. 27 shows, the over-the-wire probe 
10A also preferably includes a one-way annular valve 
156 in the guide tube 154. The valve 156 prevents the 
back flow of blood and other fluids within the heart 
chamber into the guide tube 154 and the interior re- 
gions of the probe 10A. 



B. The Mapping Assembly Deployment Mechanism 

In the illustrated arrangement, the second 
mechanism 32 occupies the tip 42 of the probe handle 
16. Fig. 11 shows further details of this con- 
struction. 

As Fig. 11 shows, the second mechanism 32 
includes a carriage 60 that moves within the center 
bore 58 of the handle tip. The carriage 60 includes 
an opening 158 concentric with the axis of the center 
bore 58, through which the flexible tube 62 passes. 
As Fig. 11 shows, the outer diameter of the flexible 
tube 62 is less than the inner diameter of the car- 
riage opening 158. 

The carriage member 60 has an exposed ac- 
tuator 160 that extends through an elongated slot 162 



in the handle tip (as Figs. 1 and 2 also show) . The 
slot 162 extends along the axis of the center bore 58. 
Fore and aft movement of the actuator 160 by the user 
moves the carriage member 60 within the center bore 58 
axially over the flexible tube 62. 

As Fig. 11 further shows, the proximal end 
of the sliding sheath 68 is fastened by adhesive or 
the like to the carriage 60. Carriage movement as 
just described will thus also slide the attached 
sheath 68 axially over the flexible tube 62. 

When the actuator 160 occupies the fully 
forward position in the slot 162 on the handle tip 42 
(as Fig. 3 shows) , the distal end of the sheath 68 is 
generally coterminous with the end cap 74 of the map- 
ping basket 70. The distal end of the sheath 68 will 
thereby enclose the entire mapping basket 70 in a 
closed , collapsed condition. 

When the physician subsequently moves the 
actuator 160 to the fully rearward position in the 
slot 162 on the handle tip 42 (as Fig. 4 shows) , the 
distal end of the sheath 68 is generally coterminous 
with the base member 72 of the mapping basket 70. 
This exposes the mapping basket 70 for use. In this 
way, the second mechanism 32 is used to deploy and 
retract the mapping basket 70. 

Preferably (as Fig. 26 best shows) , the dis- 
tal end of the flexible tube 62 includes one or more 
O-rings or gaskets 164 . The gaskets form a fluid 
tight seal between the flexible tube 62 and sliding 
sheath 68 to prevent the back flow of blood and other 
fluids from within the heart toward the catheter han- 
dle 16. 



C* The Mapping Assembly Shaping Mechanism 
In the illustrated arrangement, the third 



mechanism 34 occupies the base 4 0 of the handle. The 
proximal end of the control wire 78 of the mapping 
basket 70 passes through the telescopic shaft for at- 
tachment within the steering member 50 (see Fig. 25) . 
The distal end of the control wire 78 is attached to 
the basket end cap 74 (as Fig. 12 shows) . 

Fore and aft movement of the steering member 
50 along the track 52 thereby axial advances the 
control wire 78 to move the end cap 74 toward and away 
from the base member 72. This, in turn, expands, col- 
lapses, and shapes the mapping basket 70. 

When the steering member 50 occupies the 
forwardmost position in the track 52 (as Fig. 7 
shows) , the end cap 74 is spaced farthest away from 
the base member 74. The flexible electrode support 
splines 78 lie in a generally linear relationship be- 
tween the base member 72 and the end cap 74. The map- 
ping basket 70 is in its closed or folded position, as 
Fig. 7 shows. 

When in this position, movement of the 
sheath control actuator 160 to the forwardmost 
position in the tip slot 162 will serve to enclose the 
collapsed mapping basket 70 completely within the 
sheath 68. The collapsed mapping basket 70 is thereby 
also retracted (as Fig. 3 shows) . 

Likewise, movement of the sheath control 
actuator 160 to its rearwardmost position in the tip 
slot 162 will move the sheath 68 away from the colla- 
psed mapping basket 70. The mapping basket 70 is 
thereby deployed (as Fig. 4 shows) . 

When deployed, movement of the steering mem- 
ber 50 toward the rearwardmost position in the track 
52 will move the end cap 74 progressively closer to 
the base member 72 (as Figs. 5 and 6 show) . The re- 
silient electrode support splines 78 progressively 



flex to assume a progressively more bowed three dimen- 
sional shape. The shape of the mapping basket 70 de- 
pends upon the position of the steering member 50 
within the track 52. 

As the steering member 50 moves from the 
forwardmost position toward the center position of the 
track 52 (as Fig. 5 shows) , the mapping basket 70 will 
progressively change from an elongated, oval shape 
into a spherical shape. As the steering member 50 
moves further from the center position toward the 
rearwardmost position of the track 52, the mapping 
basket 70 will progressively change from a spherical 
shape into a donut or toroidal shape. 

The third control mechanism 34 preferably 
includes an external locking nut 166. Clockwise 
rotation of the locking nut 166 increases the seating 
force between the steering member 50 and the handle 
base 40. When moved fully clockwise, the locking nut 
166 imposes a seating force that prevents movement of 
the steering member 50 within the track 52. In this 
way, the user can lock the mapping basket 70 in the 
desired shape, while conducting other control or map- 
ping operations. 

Counterclockwise rotation of the locking nut 
166 decreases the seating force and frees the steering 
member 50 for movement within the track 52. In this 
way, the user can manipulate the third mechanism 34 to 
open, close, and shape the mapping basket 70. 

!>• The Mapping Assembly 20 Twisting Mechanism 
In the illustrated arrangement, the fourth 
mechanism 36 comprises the rotating junction between 
the handle base 40 and the handle tip 42. As Fig. 8 
shows, by holding the handle tip 42 stationary, the 
user can rotate the main body 38 of the handle 16 



relative to the tip 42. This, in turn, rotates the 
flexible tube 62, which is attached to the junction 
tube 46 within the main handle body 38, as Fig. 10 
shows. This rotates the mapping basket 70, which is 
attached to the flexible tube 62, without rotating the 
sheath (which is separately attached to the carriage 
60 within the handle tip 42, as Fig, 11 shows, I n 
this way, the fourth control mechanism 36 rotates the 
mapping basket 70 without rotating the external sheath 
68. 

4 . Deployable Preshaped Electrode Support Structures 

A. Deplovable Preshaped Basket Assemblies 
It should be appreciated that the mapping 
assembly 20 just described need not include a control 
mechanism for altering the basket's shape 70. The 
basket 7 OA can be preformed to collapse in response to 
an external force and to assume a single, prescribed 
final configuration upon the removal of the external 
force . 

In this arrangement the basket splines 78 
are connected between the base member 72 and the end 
cap 74 in a resilient, pretensed condition. The 
resilient splines 78 collapse into closed, a compact 
bundle in response to an external compression force. 

In this embodiment, the second control mech- 
anism 32 applies the force to compress the basket 70. 
Movement of the tip actuator 160 to the forwardmost 
slot position advances the sheath 68 to compress and 
collapse the basket 70 while enclosing it. Movement 
of the tip actuator 160 to rearwardmost slot position 
advances the sheath 68 away from the basket 70. This 
removes the compression force, and the freed splines 
open to assume a prescribed shape. In one preferred 



arrangement, at least some of the individual splines 
78 within the basket 70 include varying regions of 
stiffness along their length. The varying regions of 
stiffness deflect differently when commonly stressed. 
Thus, the spline, when bent, will not assume a uniform 
arc* Instead, the spline will bend in a nonuniform 
way, taking on a different shape. By locating splines 
having regions of varying stiffness in different re- 
gions of the array, a multitude of different pre- 
scribed shapes for the basket 70 can be obtained. 

In another preferred embodiment, at least 
some of the splines include preshaped memory wire like 
Nitinol. The memory wire assumes different shapes, 
depending upon the temperature conditions surrounding 
it. 

In this embodiment, when exposed to room 
temperature conditions outside the body, the memory 
wire splines assume a generally straight configura- 
tion. In this way, the splines can be collapsed into 
a compact shape for enclosure within the sheath 68 
for placement within a heart chamber. When deployed 
outside the sheath 68 and exposed to internal body 
temperatures within the heart chamber, the memory wire 
splines change their generally straight configuration 
and assume another predetermined" shape. 

These different arrays can be attached to 
the distal end of individual, specialized catheters 
and be deployed with a handle-mounted control mecha- 
nism as previously described. 

B. The Pep lovable Bladder Mapping Assembly 

Figs. 28 and 29 show an alternative mapping 
assembly 168 in which the support for the sensing 
electrodes takes the form of an inflatable bladder 
170. The inflatable bladder 170 occupies the interior 



chamber 174 of a base member 17 2 , which the guide tube 
62 carries at its distal end. The distal end of the 
base member 172 is open. As Fig. 28 shows, the bag 
170 is normally stored at the distal end of the cathe- 
ter or within the interior chamber 174 in a deflated/ 
retracted condition. 

A fluid pressure conduit 176 communicates 
with the bag 170. The conduit extends from the 
interior chamber 174 through the bore 64 of the 
flexible tube 62 to a port near the probe handle 16 
(not shown in Figs. 28 and 29). In use, the physician 
connects the port to a source of fluid pressure, such 
as pressurized carbon dioxide or liquid saline solu- 
tion. 

After maneuvering the distal catheter end to 
the desired endocardial location, the physician con- 
ducts positive fluid pressure through the supply con- 
duit 176 into the bag 170. The positive fluid pres- 
sure causes the bag 170 to expand or inflate. 

The inflating bag 170 deploys outwardly be- 
yond the open chamber end, assuming a prescribed three 
dimension shape (as Fig. 29 shows) . The shape can 
vary, depending upon the configuration of the bag. In 
the illustrated embodiment, the bag 170 assumes a 
somewhat spherical shape when inflated. Due 1 to its 
pliant nature, the bag 170, when inflated, naturally 
conforms to the topography of the endocardial surface 
that is being mapped. 

Release of the positive fluid pressure and 
the application of negative pressure through the sup- 
ply conduit 176 will drain fluid from the bag 170. 
The bag 170 collapses back into the base chamber 174 
in a deflated condition (as Fig. 28 shows) . Since the 
bag 170 deploys itself as it inflates, there is no 
need for a separate control mechanism to deploy the 



bag. 

Alternatively, a movable sheath 68 
controlled by the second mechanism 32 (as earlier 
described) can be used to selectively enclose the bag 
170 before use and to free the bag 170 for use. 

The bag includes an electrically conducting 
surface, such as platinum. The surface is applied, 
for example, using IBAD. The conductive surface can 
occupy the entire exposed area of the bag 170. In 
this case, the bag, when inflated, functions as a sin- 
gle sensing electrode 170. 

Alternatively, the conductive surfaces can 
be applied in spaced zones 178 upon the circumference 
of the bag 17 0 (as Fig. 29 shows) . In this case, each 
zone 178 acts as an individual sensing electrode. The 
spaced conductive zones on the bag 170, when inflated, 
thereby together constitute an array of sensing elec- 
trodes. The bag surface also carries a solid state 
circuit applied by vapor deposition or similar tech- 
nique. The circuit attached to signal wires 180 to 
conduct signals from the conductive zones to a 
microconnector 92 in the base 172. These signals are 
in turn transmitted along the length of the associated 
catheter in the manner already described. 

C. Deplovable Sail Mapping Assembly 
Figs. 3 OA and 3 0B show another alternative 
mapping assembly 182. In this embodiment, the support 
for the sensing electrodes takes the form of a resil- 
ient body 184 that resembles a sail. The sail body 
184 is preferable made of a resilient rubber or elas- 
tomer ic material. 

The assembly 182 includes a base member 186 
with an interior chamber 188 having an open distal 
end. The guide tube 62 carries the base member 186 at 



its distal end. 

A control wire or shaft 190 is attached to 
the backside of the sail body 184. The control wire 
190 is movable along the axis of the guide tube 62 in 
response to a handle mounted control mechanism, like 
the control wire 78 associated with the variable size 
mapping basket shown in Fig. 12. In the illustrated 
embodiment , the handle mounted control mechanism can 
affect the same fore and aft movement of the steering 
member 50 upon the handle base 40, as previously de- 
scribed. 

In this arrangement, when the steering mem- 
ber 50 occupies the rearwardmost position in the track 
52, the sail body 184 is drawn back within the base 
chamber 188 (as Fig. 3 0B shows) . In this condition, 
the sides of the resilient sail body 184 fold forward- 
ly upon the side walls of the chamber 188, and the 
sail body 184 assumes a folded, concave shape within 
the confines of the base chamber 188. The mapping as- 
sembly 18 2 is retracted in this condition. 

Subsequent movement of the steering member 
3 0 toward the forwardmost position in the track 52 ur- 
ges the sail body 184 out of the chamber 188. Freed 
from the confines of the chamber 188, the sides of the 
sail body 184 resiliently spring into an open, convex 
shape, as Fig. 3 OA shows. The mapping assembly 20 is 
deployed in this condition. 

Movement of the steering member 50 back 
toward the rearwardmost position in the track 52 urges 
the sail body 184 back into the confines of the base 
chamber 188. In the process, the resilient sides of 
the sail body 184 will again fold forwardly against 
the side walls of the chamber 188. 

The sail body carries one or more sensing 
electrodes 192. The electrodes 192 can be physically 



attached to the sail body 184. Alternatively, the 
electrodes can be applied, for example, using I BAD. 

The sail electrode array 182 is ideally 
suited for endocardial mapping. Like the previously 
described bag array 168 (shown in Figs. 28 and 29), 
the deformable, elastic sail body 184 will readily 
conform to the topography of the endocardial surface 
that it is pressed against for mapping. 

A hard wire or solid state circuit on the 
sail body 184 attaches to signal wires 194 to conduct 
signals from the electrodes 194 to a microconnector 92 
in the base 186. These signals are in turn transmit- 
ted along the length of the catheter in the manner al- 
ready described. 

D. Deployable Radial Bundle Mapping Assembly 

Figs. 31A; 3 IB; and 31C show yet another 
alternative mapping assembly 196. In this embodiment, 
the support for the sensing electrodes includes a cen- 
8ter spine 198 from which an array of flexible support 
filaments radiate. Each support filament carries a 
sensing electrode 202. 

As before, the assembly includes a base 204 
with an interior chamber 206 having an open distal 
end. As before, the guide tube 62 carries the base 
204 at its distal end. 

The center spine 198 is movable along the 
axis of the guide tube 62 in response to the operation 
of a handle mounted control mechanism. In the illus- 
trated- embodiment, fore and aft movement of the steer- 
ing member 50, as previously generally described, can 
serve this control function. , 

In this arrangement, when the steering mem- 
ber 50 occupies the rearwardmost position in the track 
52, the mapping assembly 200 is retracted and the fil- 



ament array 196 is drawn back within the base chamber 
2 06, as Fig. 31A shows* In this condition, each fila- 
ment 200 is folded against the side walls of the cham- 
ber 206. 

Subsequent movement of the steering member 
50 toward the forwardmost position in the track 52 ur- 
ges the central spine 198 out of the chamber 206. 
Freed from the confines of the chamber 206, the sup- 
port filaments 200 spring into an open, three dimen- 
sional array radially surrounding the center spine 
198, as Fig. 31B shows. The mapping assembly 20 is 
thus deployed. 

Movement of the steering member 50 back 
toward the rearwardmost position in the track 52 urges 
the center spine 198 back into the confines of the 
base chamber 206. In the process, the flexible 
filaments 200 fold forwardly against the side walls of 
the chamber 206, as Fig. 31C shows. 

The radial bundle of filaments 200, each 
carrying a sensing electrode 202, offers a high den- 
sity, random mapping array 196. The flexible nature 
of the random array 196 readily conforms to the 
topography of the endocardial surface that it is 
pressed against. 

A hard wire or solid state circuit on the 
filaments 200 and center spine 198 conducts signals 
from the individual electrodes 202 to a microconnector 
92 in the base 204. These signals are in turn 
transmitted along the length of the catheter in the 
manner already described. 

E. Deployable Foam Tip Mapping Assembly 

Figs. 32A and 32B show still another alter- 
native mapping assembly 208. In this embodiment, the 
support for the sensing electrodes takes the form of 



a porous foam body 210. 

As before, the assembly 208 includes a base 
212 with an interior chamber 214 having an open distal 
end. As before, the guide tube 62 carries the base 
212 at its distal end. 

Like the foregoing alternative embodiments, 
the foam body 210 is deployed from within the interior 
chamber 214. The foam body 210 is molded to assume 
what can be called a normal shape. In the illustrated 
embodiment (as Fig. 32A shows) , the normal 
uncompressed shape is generally spherical. However, 
the original uncompressed shape can be rectangular, 
square, oval, toroid, or virtually any other shape. 

Due to its porous, open structure, the body 
210 can be collapsed, without damage, by an external 
compression force into another more compact shape. In 
the illustrated embodiment (as Fig. 32B shows) , the 
more compact shape is generally cylindrical, to fit 
within the confines of the base chamber 214. However, 
other compact shapes can be used. When the external 
compression force is released, the porous foam body 
resilient returns to its normal shape. 

A control wire or shaft 216 is attached to 
the foam body 210. The control wire 216 is movable 
along the axis of the guide tube 62 in response to the 
operation of a handle mounted control mechanism. In 
the illustrated embodiment, fore and aft movement of 
the probe steering member 50 can control the wire. 

In this arrangement, when the steering mem- 
ber 50 occupies the rearwardmost position in the track 
52, the foam body 210 is drawn back within the base 
chamber 214, as Fig. 32B shows. The side walls of the 
base chamber 214 compress and collapse the foam body 
210. When so compressed, the foam body 210 conforms 
to the interior shape of base chamber 214 • The map- 



ping assembly 208 is retracted. 

Subsequent movement of the steering member 
50 toward the forwardmost position in the track 52 ur- 
ges the foam body 210 out of the chamber 214, as Fig. 
32A shows. When freed from the confines of the cham- 
ber 214, the foam body 210 opens into its normal 
uncompressed shape. The mapping assembly 208 is de- 
ployed. 

Movement of the steering member 50 back 
toward the rearwardmost position in the track 52 urges 
the foam body 210 back into the confines of the base 
chamber 214. The foam body 210 is again compressed 
into a compact, retracted shape, as Fig. 32B shows. 

The foam body 210 carries one or more sen- 
sing electrodes 218. The electrodes 218 can be 
physically attached to the foam body 210. Alter- 
natively, the electrodes 218 can be applied, for 
example, using I BAD. The sensing electrodes 218 
constitute a high density array ideally suited for 
endocardial mapping. 

A hard wire or solid state circuit on the 
foam body 210 conducts signals from the electrode 
zones 218 to a microconnector 92 in the base 212. 
These signals are in turn transmitted along the length 
of the catheter in the manner already described. 

5* Dynamic Mapping Assemblies 
Figs. 33 to 3 6 show a mapping assembly 220 
that dynamically alters its shape to compensate for 
the compression of the heart chamber in which it is 
located. 

The mapping assembly 220 includes a base 
member 222 that is attached to the distal end of the 
guide tube 62, as previously described (see Fig. 34). 
The mapping assembly 220 includes an array of resil- 



ient electrode supports 224, Their proximal ends are 
attached to the base 222 , and their distal ends are 
attached to a end cap 226. 

As described, this mapping assembly 220 is 
identical to the mapping assembly 20 shown in Fig. 12. 
As in Fig. 12, the mapping assembly 220 can include a 
movable sheath 68 and an associated control mechanism 
32 for alternatively enclosing and deploying the as- 
sembly 220. 

During endocardial mapping, the heart mus- 
cles continuously expand and contract with the beating 
of the heart. When deployed, the mapping assembly 220 
will thereby be subject to alternate cycles of con- 
traction and expansion. The surface pressure of the 
sensing electrodes 228 against the moving endocardium 
can therefore continuously vary, complicating the task 
of accurately recording the potentials. The sensing 
electrodes can also slip along the constantly moving 
endocardial surface. 

To counteract this phenomenon, the mapping 
assembly 22 0 includes means 230 for continuously urg- 
ing the sensing electrodes 228 against the endocardium 
and for maintaining a constant surface pressure, de- 
spite contraction and expansion of the heart. 

The means 230 can vary. In the illustrated 
embodiment, the base member 222 includes a tubular 
body that carries a front movable mount 232 and a 
fixed rear mount 234 (best shown in Figs. 33 and 35) • 
The interior side wall 236 of the base member 222 ser- 
ves as a bearing surface for the movable mount 232. 
The movable mount 232 carries the proximal ends of the 
electrode supports 224. 

A spring 238 connects the front mount 232 to 
the rear mount 234. The front mount 232 moves toward 
the rear mount 234 when the electrode supports 224 ex- 



perience compression within the heart chamber (as 
Figs. 33 and 34 show) . The reverse is true when the 
electrode supports 224 experience contraction within 
the heart chamber (as Figs, 35 and 36 show) . 

Movement of the front mount 232 toward the 
rear mount 234 compresses the spring 238. When 
compressed , the spring 238 urges the front mount 232 
toward a distal position within the base 22, in which 
the spring 238 is not compressed. 

The mounts 232/234 and spring 238 thereby 
establish an dynamic junction between the electrode 
supports 224 and the endocardium. Contraction of the 
heart chamber surrounding the mapping assembly 220 
exerts a compression force on the electrode supports 
224. The front mount 232 moves toward the rear mount 
224 in response to this compression. The spring 238 
serves to dampen and resist this movement, holding the 
electrodes against the endocardium. 

When the heart chamber expands, the spring 
238 urges the front mount 232 forward, urging the 
electrode supports 224 back toward their original 
shape . 

The spring thereby maintains contact between 
the electrode supports 224 and the surrounding, moving 
endocardium. 

In the illustrated and preferred embodiment, 
the spring 238 has a fixed spring constant that does 
not vary with compression. In other words, the spring 
238 is a constant force spring. 

The constant force spring 238 can take vari- 
ous forms. In the illustrated embodiment (as Figs. 33 
and 35 best show) , the spring 238 is a conical spring. 
When compressed, it exerts a constant force, regard- 

* 

less of the degree of compression. 

The constant force 238 spring establishes 
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and maintains a constant surface pressure between the 
mapping assembly 22 0 and the surrounding endocardium. 
The dynamic junction established produces consistently 
accurate readings during periods of contraction and 
5 expansion of the surrounding heart muscle. 

It should be appreciated that the dynamic 
junction can be used in association with mapping as- 
semblies of various sizes and shapes. It is not lim- 
ited in use with the particular basket mapping assem- 
10 bly 220 shown in Figs. 33 to 36. 

6. Mapping Site Flushing and Coagulation Control 

According to another aspect of the inven- 
tion, the mapping assembly can includes means for con- 
3 veying fluid to the mapping site. 

tJ 15 The fluid can be, for example, saline and be 

used to flush the mapping site to keep the sensing 

^ electrodes free of tissue buildup and blood. The flu- 

id can also be heparin or another anticoagulant and be 
used to actively reduce the incidence of coagulation 

pi 20 during the mapping procedure. 

yj The fluid conveying means can vary. In the 

embodiment shown in Fig. 12, the mapping assembly 20 
includes a flexible central tube 240 surrounding the 
control wire 78. The tube 240 extends from the end 

25 cap 74, through the base member 72 and bore of the 

flexible tube 62 to a fluid port 242 (like that shown 
in Fig. 26) . Fluid to be conveyed to the site is 
introduced under pressure through the port 242. 

The end cap 74 includes a center channel 244 

30 communicating with the distal end of the tube 240. 

Fluid conveyed by the tube 240 exits through the chan- 
nel 244 into the mapping site. 

Preferably, the center channel includes a 
one-way annular valve 24 6, like that shown in Fig, 27 . 

35 The valve 246 allows fluid to pass from the tube 240 



through the channel 244, but prevents the back flow of 
fluid in the reverse direction. The valve 246 thereby 
blocks blood and other fluids present within the heart 
chamber from entering the tube and the interior 
regions of the catheter. 

Various features of the invention are set 
forth in the following claims. 



What is claimed is: 

1. An electrode assembly for use in an in- 
traventricular multi-electrode cardiac mapping probe 
comprising: 

at least one elongated spline carrying a 
plurality of spaced apart electrodes thereon, means 
for attaching said spline to the distal end of a cath- 
eter, said spline comprising a plurality of alternat- 
ing electrically conductive layers and electrically 
non-conductive layers, an electrical conductor con- 
necting each of said electrodes to a different one of 
said conductive layers, and a plurality of electrical 
conductors for connecting each of said layers to an 
electrical signal processing device. 

2. A device according to claim 1 wherein 
each of said alternating conducting and non-conducting 
layers is configured in the shape of a concentric 
ring, and said spline is of a circular cross-section. 

3. A device according to claim 2 wherein 
said electrodes are connected to said conducting lay- 
ers by means of radially depending conductive pins 
each connecting an electrode at the surface of said 
spline with a conductive layer formed in the interior 
thereof. 

4. An assembly according to claim 1 where- 
in said spline has a rectangular cross-section, said 
electrodes being spaced along the top surface thereof, 
each spline being of a substantially greater width 
than thickness whereby said spline can be flexed in 
one vertical plane that passes through its longitudi- 
nal axis but resists twisting and resists flexing in 
all other planes passing through said axis. 

5. A device according to claim 4 wherein 
each of said electrodes is connected to one of said 
conducting layers by means of a conductive pin, each 



of the conductive pins and said assembly being of a 
different length. 

6. A device according to claim 5 wherein 
each of said pins is electrically insulated except at 
each of its ends. 

7. A device according to claim 1 wherein 
the distal end of said spline is provided with means 
for quick connection of the same to end cap member, 
said end cap being adapted to be connected to the ends 
of a plurality of said splines which form a mapping 
array . 

8 . An electrode assembly for use in an in- 
traventricular multi-electrode cardiac mapping probe 
comprising: 

at least one elongated rectangularly cross 
sectioned spline carrying a plurality of spaced apart 
electrodes on the upper surface thereof, means for 
attaching the proximal end of said spline to the dis- 
tal end of a catheter, means for attaching the distal 
end of said spline to an end cap, the body of said 
spline comprising a plurality of alternating electri- 
cally conductive layers and electrically non-conduc- 
tive layers, said conductive layers having a thickness 
of about 0.0005 to 0.002 inch, said spline being of a 
substantially greater width than thickness whereby 
said spline can be flexed in one vertical plane pass- 
ing through its longitudinal axis but will resist 
flexing in any other plane passing through said axis, 

an electrically conductive pin connected to 
each of .sai<i electrodes, the pin connected to each 
electrode being of a different length than that con- 
nected to each of the other electrodes, each of said 
pins extending into the body of the spline and being 
attached to one of said conductive layers, each of 
said pins being electrically insulated except at each 



of its ends, and 

a plurality of electrical conductors for 
connecting said layers to an electrical signal pro- 
cessing device. 

9. An electrode assembly for use in an in- 
traventricular multi-electrode cardiac mapping probe 
comprising: 

at least one elongated spline of a circular 
cross-section carrying a plurality of spaced apart 
electrodes on the exterior surface thereof, means for 
attaching the proximal end of said spline to the dis- 
tal end of a catheter, means for attaching the distal 
end of said spline to an end cap, said spline compris- 
ing a plurality of concentric alternating electrically 
conductive layers and electrically non-conductive lay- 
ers, said conductive layers having a thickness of 
about 0.0005 to 0.002 inch, 

an electrically conductive pin connected to 
each of said electrodes, the pin connected to each 
electrode being of a different length than that con- 
nected to each of the other electrodes, each of said 
pins extending into the body of the spline and being 
attached to one of said conductive layers, each of 
said pins being electrically insulated except at each 
of its ends, and 

a plurality of electrical conductors for 
connecting each of said layers to an electrical signal 
processing device. 

10. A device according to claim 9 wherein 
said electrodes are ring electrodes that encircle said 
spline. 



- 43 - 
ABSTRACT 

An electrode assembly for use in interven- 
30 tricular cardiac mapping includes one or more elongat- 

ed splines each of which carries a plurality of spaced 
apart electrodes thereon. The body of each spline is 
formed of a plurality of alternating electrically con- 
ductive layers and the electrically non-conductive 
35 layers . A separate electrically conductive pathway is 

provided to connect each of the electrodes to a dif- 
ferent one of the conductive layers. Each of the lay- 
ers is electrically connected to an electrical signal 
processing device so that signals provided by each of 
og 40 the electrodes can be processed. 




tylD 



I 




fyW 




CP ! 





4 . 




NT/I /. 



/ 



> s / s 



1 



ZZZHZZZ_Z 



}qO *\7. 

1 ' f ? / s s / / >W y y / S S 





i I / r Tr7t — c — — ^ 



7 



1 



7 



7~ 



r '. y, v y 




s s s r 7—7 



TO 



A 





I 



t 



PAGE 15 

SEP. 23 '92 16s IB 



FORM M 



1-5 



PATENT 

Attorney's Docket No. 

COMBINED DECLARATION AND POWER OF ATTORNEY 

(ORIGINAL, DESIGN, NATIONAL STAGS OF POT, SUPPLEMENTAL DIVISIONAL, 
CONTINUATION Off OIP) 

As a below named Inventor, I hereby declare that 

TYPE OF DECLARATION 

This declaration Is of the following type: {check one applicable Item below) 
§g original 

□ design 

□ supplemental 

NOTE: it m tocfortttoft is toe in Ini$m*tbnit Appjftithn b*tnf tttdit f tfvfefefttl contlAuitbn or conttnw 
tion-ln-p&rt tpp!lt*1hn fa not check r*xt torn: ctock tpprppritti or* ofk$t Ihm fltm*. 

□ national stage of PCT 

NOT& It one of tAf (cfowtnp 9 Hmt tppty tton eomp/»f» jntf ilso *ti*ch ADOSD PACES FOR OMSIONAL 
CONTINUATION Off GtP* 

Q divisional 

Q continuation 

Q continuation-Impart (CiP) 

INVENTORSHIP IDENTIFICATION 

WARNING? if thw hvtntort w t«eft not th» bvintort of *8 tfw eto&ns in $xp1*niVon of th$ feet* tnshtdlnp 
th* ownmMp of Mi th* cttlmt tr tht Hm» ftt l$$t elilmetf Irwtntbn w$$ m*d$ t $hovWb9 $uhmit* 

My residence, post office address and citizenship are as stated below next to my name. I 
believe I am the original first and sole Inventor [if only one name /* listed Mow) or an orlg* 
tnat, first and Joint Inventor {It plural names are Us ted below) of the subject matter which Is 
claimed and for which a patent la sought on the Invention entitled; 

TITLE OF INVENTION 

Cardiac Happing and Ablation gy«te*» 

* 

SPECIFICATION IDENTIFICATION 

the specification of which: (compete (e) t (b)or(c)) 

(a) (3 Is attached hereto. 

(b) p was filed on as Q Serial No. 0 / 

or □ Express Mall No., as Serial No, not yet known , 

and was amended on — {if applicable }. 

NQ7& ftrfmfrtf* fittf *tt§r th* or&n*! ptpvt art Apwrtttf *toitb$PTO wtkh nnWn n§ w mtrer jrt 
net *ccort«i t tttinp <!*!§ by bring f$f#rfd w h tht dtcfAMtfri Aooofdhgty. it* mtndmnt* fc. 
vofc#rf Mr* then filed with tt* ippfcttbfl pip#n or, h v* est* of * wvppitnmi rtcAt/itiba *te 
the** tm9f)dm*f)t$ chiming m*ttor not *ncOffp#tsrtf In th* CffQhfl ttstom^nt of Invention cf cUhn$. 
$*9 9rCFRL6T. 

(Declaration and Power of Attorney J— -page 1 of 4) 



SEP. 23 '92 16:19 



£R RYAN&HOHE 



PAGE 16 



(c) □ was described and claimed In PCT International Application No, 

- . .. ■ - filed on and at 

amended under PCT Article 19 on _ [if any). 

ACKNOWLEDGEMENT OF REVIEW OF PAPERS AND DUTY OP CANDOR 

i hereby stale that I have reviewed and understand the contents of the above Identified 
specification, Including the claim*, as amended by any amendment referred to above, 

1 acknowledge the duty to disclose Information which Is material to the examination of 
this application In accordance with Title 37, Code of Federal Regulations. § 1.56(a). 

□ in compliance with this duty there Is attached an Information disclosure state- 
ment, 37 CFR 1.97, * 

PRIORITY CLAIM 

I hereby claim foreign priority benefits under Title 35, United Slates Code, § 119 of any 
foreign applications) for patent or Inventor's certificate or of any PCT International appttca* 
tton(s) designating at least one country other than the United Slates of America listed below 
and have also Identified below any foreign appilcatlon(e) for patent or Inventor's certificate 
or any PCT Internationa! appfieatlon(a) designating at least one country other than the 
United States of America filed by me on the same subjeot matter having a filing date before 
that of the application^) of which priority Is claimed* 

(comptttt (d) or (e)) 

16) (3 no such applications have been filed, 

(e) □ such applications -have been filed aa follows, 

NOTE* When torn (c) ti $nt$wi ibovt *ttf ih» Jnttmitfonif Appktthti which <f«fcfl*firf ft* d*{m*t 
prtorfy ch*ck lim (9), into fft# frutt 6tfow snrf mtki tot priority Mm* 



EARLIEST FOREIGN APPLICATION^). IF AMY FILED WlTHJM 14 MONTHS 
{6 MONTHS FOR OESION) PRIOR TO TH!8 U,8, APPLICATION 



COUNTRY 


APPLICATION NUMBER : 


DATE OF FILING 
(day, month, year) 


PRIORITY CLAIMED 
UNDER 37 USC 11$ 








QYES NOQ* 




• 




□ YES NOQ 








□ YES NOQ 

• 




* 


* 


□ YES NOD 








QYES NOQ 



ALL FOREIGN APPUC vrtON(S) t IF A)*Y PILED MORS THAN 1t MONTHS 
(f MONTHS FOR OESIONJ PRIOR TO THIS U.S. APPLICATION 



* 



(Declaration and Power of Attorney [M]— page 2 of 4) 



PPGE 17 



SEP. 23 '92 i6 !l9 



RYf*&HOhG 



(irf.tuilMl m tan 



.FORM M 



1-7 



POWER OF ATTORNEY 

As a named inventor, I hereby appoint the following ettorney(s) end/of agent(s) lo prose- 
cute this application and transect al! Dullness In the Patent and Trademark Office con* 
nectod therowith. [Ust name and r&gktrtlbn number) * 

Henry C. Fuller (Reg, No, 22,712) Daniel D, Ryan (Reg. No. 29,243) 

Kalph G* Hohenfcldt (Reg. No, 17,717) Nicholas A. Kees (Refj. No. 29,552} 
Allan 0. Maki (Keg, No. 20,623} ' 

(check the Mowing Item, If tpplmblo) 

□ Attached as part of this declaration and power of attorney is the authorization of 
tho above-named ,attomey($) to accept and follow Instructions from my re- 
presentatives). 



SEND C0RRESPONDEKCET0 

Daniel D* Ryan 
PUttER, RYAH, H0HEK7ELDT & KEES, S.C 

633 West Wisconsin Avenue 
Milwaukee, Wisconsin 53203 



DIRECT TELEPHONE CALLS TOi 
(fittm* f Atf t*t»phon§ number ) 

Daniel D* Uyau 
(414) 271 - 6555 



DECLARATION 

* 

1 hereby declare that all statements made herein of my own knowledge are trui and that 
alt statements made on Information and belief are believed to be true; and further that 
these statements were made with the knowledge that willful false statement* and the ilka 
so made are punishable by fine or imprisonment or both, under Section 1001 of Title 18 of 
the United States Code, and that such willful false statements may Jeopardize the validity of 
the application or any patent Issued thereon* 

. SIGNATURE^) 

Full name of tote or first Jn*?Mo; /Z^lP^ p * JflWApps _ 

Inventor** signature ^^^^ 

Date ?/?M/*?-? z Country of Citltenshlp *M-A- 



Residence - - - 
Post Office Address U8j A^ gtin Avamia 



A^., California ?4024 



Full name of second Joint Inventor, if any « 
Inventor's signature "J /^^/w^ 
Date f/^-Yf* 2* Country of Citizenship 



UiStAi 



Rosldenco 



Post Office Address 1Q1 v»«m»ii 



Sunnyvale fJiHfa^ fl i^ftflfi 



(Declaration and Power of Attorney (MJ— page 3 of 1) 



SEP* 23 '92 16: 2Q 



RYANSK3-E 



PAGE 19 



CHSCK PROPER BOX(BS) FOR ANY OF THE FOLLOWING ADDED PAGE{$) WHICH 

FORMA PART OF THIS DECLARATION 

(x) Signature for third and subsequent Joint Inventors. Number of pages added 

□ Signature by admlnlstrator(trlx) t executor(trfx) or legal representative for 
ceased or Incapacitated Inventor, Number of pages tr**** 

□ Signature for Inventor who refuses to sign or cannot be reached by person au- 
thorized under 37 CFR 1 .47, Number of pages trM*** 

• t 9 

v * 

□ Added pages to combined declaration and power of attorney for divisional, con- 
tinuation, or conttnuatlon-ln-part (CIP) application, 

□ "Number of pages added _ 



♦ * * 



□ Authorization of attorney(s) to accept and follow Instructions from representative 



• # ♦ 



// no further pages form a part of this Declaration then end this Declare* 
tlon with this page and oheck the following Item 

□ This declaration ends with this page 



(Declaration and Power of Attorney [M]— page 4 of 4) 



i 



SEP. 23 '92 16:23 



PAGE 19 



ADDED PACE TO COMBINED DECLARATION AND POWER OF ATTORNEY 
FOR SIGNATURE BY THIRD AND SUBSEQUENT INVENTORS 



Full namo or third Joint Inventor^ any p^jn g_ ftgAWftfw 
lnventor*8 signaluro _ 



Country of' Citizenship 



San Jose. California 



Residence 

Post Office Address 7D0 S« Saratoga. Avtnu* - OaWood Corporate Apartnc nta 



Full name of fourth Joint Inventor, if any 

Inventor 1 * signature 

Date „ , Country of Citizenship 

Residence - - . . _ . 



Post Office Address 



Full nams of fifth Joint Inventor, If any 

Inventor's signature * _ 

D &te — — Country of Citizenship 

Resldenoo - ... . . 



Post Office Address 



(Added Pes* to Combined OeclaretSon and Power of Attorney for Signature by ThW and 

Subsequent Inventor* £1-23) 



